Abstract
Introduction
Klinefelter syndrome (KS) is a sex chromosome abnormality in which a male is born with an extra X chromosome and it is the most common cause of hypogonadism [1, 2] . The incidence of KS is about 1 in every 1,000 male newborns, with no differences reported among ethnic groups. KS is often discovered in adult males due to infertility, and is many times associated with diabetes [3] . However, severe proliferative diabetic retinopathy (PDR) in KS has seldom been reported [4] . In this study, we report the case of a patient with KS and PDR who underwent vitrectomy. This patient experienced clotting hemorrhages during surgery that were difficult to control and extremely refractory to treatment.
Case History
Around September 2008, a 44-year-old male patient began noticing decreased visual acuity (VA) in both eyes but failed to seek treatment. On April 21, 2009, he noticed a sudden deterioration in VA in his left eye. PDR was diagnosed by a local ophthalmologist, and the patient was referred to our hospital 6 days later. He was also diagnosed with type 2 diabetes at 23 years of age, at which time insulin therapy was started. However, regular follow-up visits were not maintained, and his diabetes was not well controlled. The patient had also been diagnosed with diabetic nephropathy and neuropathy at the age of 32, but failed to undergo any eye examinations. Chromosome analysis (G-band method) performed that same year due to infertility revealed a 47,XXY karyotype, and he was ultimately diagnosed with KS ( fig. 1 ). The patient also underwent surgery for a pituitary tumor (Rathke's cleft cyst) at that time, and concomitant hyperlipidemia and hypertension were noted. He was obese, with a height of 184 cm and a weight of 126.7 kg.
The results of a blood test performed on April 21, 2009, were as follows: white blood cells: 7,700 /µl; red blood cells: 424 × 104/µl; hemoglobin (Hb): 12.2 g/dl; platelets: 21.9 × 104/µl; bleeding duration: 1 min; C-peptide (2 h): 3.5 mg/ml; anti-glutamic acid decarboxylase antibody: negative; glutamic oxaloacetic transaminase: 19 IU/l; guanosine triphosphate: 15 IU/l; γ-glutamyltranspeptidase: 34 IU/l; alkali phosphatase: 276 IU/l; amylase: 59 IU/l; lipid: 52 IU/l; uric acid: 639mg/dl; creatinine: 1.25 mg/dl; total cholesterol: 286 mg/dl; triglyceride: 256 mg/dl, and HbA1c: 8.6%. Urine protein was (++). HbA1c varied greatly during the course from 6.5 to 13.8%.
Ocular Findings on Initial Evaluation
The patient's ocular findings on initial examination were as follows: VA: right ventricular = 0.07 (0. 
Clinical Course after Initial Evaluation
Retinal photocoagulation (total: 647 shots) was performed where possible for the left eye. B-mode ultrasonography showed traction retinal detachment during the course, so phacoemulsification and aspiration, intraocular lens insertion, and vitrectomy were performed on May 22, 2009. We did not perform intravitreal injection of anti-vascular endothelial growth factor antibody agent before surgery. Intraoperative findings during vitrectomy showed that the posterior vitreous was still attached, and firm vitreoretinal adhesions were present. After the core vitrectomy, the posterior vitreous membrane was removed with vitreous forceps, and blood was aspirated from beneath the posterior vitreous membrane. The fibrovascular membrane around the vascular arcade was removed from the optic disc with a vitreous cutter and vitreous scissors. Extensive clotting hemorrhage was seen during surgery ( fig. 3a) .
During surgery, the systolic blood pressure was very high (190-220 mm Hg), and intravenous infusion of nicardipine hydrochloride was frequently required (0.25 mg × 4, 0.5 mg × 2; total: 2.0 mg). However, the blood pressure remained difficult to control. The membrane was excised while aspirating blood as necessary, but multiple iatrogenic tears were identified ( fig. 3b) . Finally, pneumatic retinopexy, intraocular photocoagulation, and gas tamponade with 20% SF6 were performed to complete the surgery.
However, marked precipitation of fibrin was seen in the anterior chamber the day after surgery. Besides a decrease in gas, bleeding occurred in the vitreous, as well as retinal redetachment. Thus, vitrectomy was performed again under general anesthesia on June 9, 2009. After removal of the residual vitreous, as much fibrin membrane as possible was removed from the retinal surface using vitreous forceps ( fig. 3c) . The retina had become extensively organized and contracted, so inferior retinectomy had to be performed to flatten the retina. Next, the retina was flattened with liquid perfluorocarbon, and intraocular photocoagulation was performed ( fig. 3d) . Finally, the liquid perfluorocarbon was replaced with silicone oil to complete the surgery. The intraoperative blood pressure control was satisfactory. Postoperatively, severe inflammation of the anterior chamber was identified, and fundus visibility remained poor. On November 5, 2009, the patient's retina had again detached, even with the silicone oil, and his intraocular pressure was approximately 10 mm Hg. Since no light perception was present in his left eye, no further surgery was performed. During follow-up, panretinal photocoagulation was performed on his right eye, and the corrected VA was maintained at 0.7.
Discussion
First reported by Klinefelter in 1942 [1] , KS is a sex chromosome abnormality due to an extra X sex chromosome. The karyotype is 47,XXY in approximately 90% of the cases, but in the remaining approximately 10%, a 46,XY/47,XXY mosaic, or more rarely, 48,XXXY, 48,XXYY, 49,XXXXY, and 49,XXXYY karyotypes have been reported [2] . The incidence of KS is about 1 in every 1,000 male newborns, with no reported differences apparent among ethnic groups. KS is often identified in adult males due to infertility, and in fact, 2.8% of the males with infertility have KS.
In regard to the clinical features, primary sex characteristics in KS are usually similar to those of normal males, but based on secondary sex characteristics, males with KS often have a shorter torso, longer neck, arms, and legs, and a delicate, slender build. However, some males with KS are obese and show average height. Because of the extra X sex chromosome, features such as gynecomastia are common. Males with KS show very low sperm counts and tend to become infertile. Treatment usually involves male hormone replacement therapy.
Patients with KS display a higher incidence of male breast cancer and extragonadal germ cell tumors (primarily mediastinal germ cell tumors). The incidence of osteoporosis and autoimmune disorders is also high. About 15-50% of the males with KS in Western countries have diabetes, most often mild type 2 diabetes [3] .
Ocular disorders in KS include uveal coloboma [5] , choroidal atrophy [6] , retinal degeneration [7] , retinal vascular hypoplasia [8] , cataracts [9] , glaucoma [9] , microphthalmia [10] , and aniridia [11] . However, diabetic retinopathy has seldom been reported [4] , and to the best of our knowledge, there have been no previous reports of severe PDR requiring vitrectomy. The reason why diabetic retinopathy has seldom been reported despite the relatively high incidence of diabetes in KS remains unclear. As mentioned previously, one reason might be that diabetes in KS is usually mild. However, our patient had very poorly controlled diabetes and had not undergone regular eye examinations, which may have contributed to the severe retinopathy.
Besides hypercoagulability due to diabetes, coagulopathy related to KS may have been a factor associated with the increased clotting tendency in our patient during vitrectomy. Thrombogenesis due to an increased estrogen/testosterone ratio and clotting gene abnormalities have been reported in KS [12] .
The incidence of deep vein thrombosis in KS is 22.8 per 10,000 patient-years, and the incidence of pulmonary embolism is 16 per 10,000 patient-years. Reportedly, this incidence of venous thrombosis in KS is about 5-20 times higher than in normal healthy males [12] . Moreover, thrombogenesis is increased in KS due to an increased estrogen/testosterone ratio. Estrogen increases platelet aggregation and viscosity, increases levels of clotting factors VII, IX, and X, prothrombin and fibrinogen, and affects fibrinolytic activity associated with testosterone. Gene abnormalities of clotting and fibrinolytic factors involving G1691A factor V and a G2021A prothrombin mutation have also been reported [13] . Unfortunately, these factors were not examined in our patient, so we cannot exclude the possibility that such factor abnormalities may have contributed to the disease pathogenesis.
Poorly controlled blood pressure during the first vitrectomy may also have been a factor contributing to the severe intraoperative bleeding. During this first surgery, a total of 2.0 mg of nicardipine hydrochloride, a calcium antagonist, was administered by intravenous infusion. However, given that the patient weighed 116.45 kg at the time of surgery, this dose per body weight was probably not excessive. Repeat surgery was performed under general anesthesia, and intraoperative blood pressure was well controlled without using antihypertensive drugs.
Much remains unclear about the association between KS and hypertension, but some hormonal abnormalities are probably involved. Gotoh et al. [14] reported severe low renin hypertension in a KS patient with Rathke's cleft cyst. Our patient had also undergone surgery for Rathke's cleft cyst, which may also have been a related factor. Although our patient had no pulmonary abnormalities, Agarwal and Dekam [15] reported pulmonary hypertension in a patient with KS.
In conclusion, our patient with KS and severe PDR may have had an underlying blood coagulopathy. The potential difficulty of vitrectomy in such cases compared to other patients should always be kept in mind. 
